FAME
Peroxisomes, while rather simply structured organelles delimited by a single membrane, acids, the production of bile acids, polyamine oxidation and amino acid catabolism.
92
Furthermore, they exhibit a functional interplay with mitochondria by employing both shared 93 and coordinated metabolic pathways [1] - [3] . They interact via mitochondria derived vesicles
94
(MDVs), which allow for the exchange of lipid as well as protein content between the two 95 compartments [4], and they share regulators controlling organelle biogenesis [5] and fission
96
[6], [7] . VLCFA and branched-chain FA have to undergo β-oxidation in peroxisomes before 97 they can be metabolized in the mitochondria [8] . The interplay between peroxisomes and 98 mitochondria is illustrated by the fact that loss of peroxisomes leads to defects in 99 mitochondrial metabolism and structure [9] - [11] . The mechanism behind these defects, 100 however, is not understood.
101
Peroxisomes primarily regulate their number by growth and division of preexisting 102 organelles, similar to mitochondria, or by de novo biogenesis via pre-peroxisomal vesicles pupae, adults including pharates and viable adults which survived for more than 24 hours. E) Fatty 158 acid methyl esters (FAME) from pex19-/-pupae, normalized to w-control. F) Sum of lipids measured 159 in the FAME profile. 160
Scale bars as indicated. Error bars represent standard deviation (SD). *p<0,05, ***p<0,001 (Student's 161 t-test) 162
163
A genetic rescue with a Pex19 expression construct could be achieved with the ubiquitous 164 tubulin-Gal4 driver and with pumpless-Gal4, which drives expression in the fatbody and gut.
165
Expression with neuronal (elav-Gal4) or glia (repo-Gal4) drivers failed to rescue the lethality 166 of pex19 mutants, which highlights an important role for Pex19 in metabolic organs rather 167 than the CNS (supplemental Fig. S1a ).
168
Consistent with a loss of peroxisomal function, GC/MS analysis of fatty acid methylesters 169 (FAMEs) prepared from pupae shows that lipids containing VLCFA are present at increased 170 levels in flies lacking peroxisomes. In addition, we found that lipids containing MCFA and
171
LCFA with C12 -C18 chain lengths are reduced (Fig. 1e) . Also, the total amount of FAMEs 172 is lowered (Fig. 1f) . VLCFA are present at ~ 0,1 -0,5 nmol per animal and their contribution Hnf4 is hyperactive in pex19 mutants and responsible for their reduced viability 215 We used a LacZ reporter under the control of a heat-shock inducible Hnf4:Gal4 fusion protein 216 [26] , which did not show Hnf4 activity in fatbodies of 3rd instar wild type larvae. By contrast,
217
Hnf4 activity was observed in pex19 mutants (Fig. 2a) . We reanalyzed the Hnf4 target genes 218 among the metabolic enzymes displayed in Table 1 (Fig. 2c) .
236
Next, we tested the lethality of hnf4, pex19 mutants and found that pex19 mutants can be 237 rescued to adulthood by removal of one copy of Hnf4. The resulting hnf4, pex19 mutants 238 showed a rate of hatched adults of >60% (Fig. 2d) . Adult hnf4, pex19 mutants were viable and 239 fertile, but died 2-3 weeks after hatching from the pupa. This result indicates that elevated 240 Hnf4 signaling has a major contribution to the lethality of pex19 mutants. (Fig 3a) . Hnf4 activity, increased lipolysis and reduction of M-and LCFA (Fig. 3b, c) . To exclude that 269 this is due to an increase of mitochondrial abundance, we measured mtDNA and citrate 270 synthase activity, which are similar in pex19 mutant and wildtype larvae (supplemental Fig.   271 S2a, b), indicating that the increased oxygen consumption is due to increased mitochondrial 272 flux, and not increased amounts of mitochondria. We measured the oxygen consumption in 273 hnf4, pex19 double mutants and found that removal of Hnf4 leaves mitochondrial β-oxidation 274 at high levels (Fig. 3d, e) . Since the expression of genes relevant for β-oxidation is lowered in 275 hnf4, pex19 compared to pex19 mutants, this result suggests that the β-oxidation machinery is 276 at maximal capacity. for D. melanogaster tissue. We found that the NEFA content is about twice as high in pex19 287 samples compared to w-, while hnf4, pex19 mutants have wildtypic levels of NEFA (Fig. 4a) .
288
To test whether NEFA accumulation was due to high lipase 3 expression, we measured the (Fig. 4B, C) . To test whether mitochondrial swelling was 308 due to high NEFA levels in response to elevated lipase 3 expression, we stained tissue of 309 larvae expressing lip3 under the control of the cg-Gal4 fatbody driver, and found that 310 mitochondrial swelling occurs also in these animals. Furthermore, they show significantly 311 reduced viability compared to control flies (Fig. 4D) , although not to the same extent as pex19 312 mutants.
313
Taken together, our data show that elevated Hnf4 signaling leads to high expression levels of In order to assess the cross-species portability of our findings, we analyzed the mitochondrial 323 morphology and NEFA content in a human fibroblast line from a Zellweger Syndrome patient 324 with a mutation in pex19 [39] (Δ19T). While mitochondria appear small and network-like in a 325 control cell line, they were fragmented and swollen in the Δ19T cells (Fig. 5A) . Furthermore,
326
NEFA were increased in these cells in comparison to the control cell line (Fig. 5B) . Our The exact link between Hnf4 and Pex19 remains to be determined. Interestingly, among the 358 putative target genes of Hnf4, several peroxins (pex2, pex12 and pex16) can be found [26] .
359
This opens up the possibility of a regulatory feedback between peroxisome activity or 360 abundance and Hnf4 activity, which could explain the fact that, in the absence of 361 peroxisomes, Hnf4 activity gets out of hand and initiates a program of maximal lipolysis and 362 beta-oxidation with detrimental results for mitochondria and the whole organism.
364

Methods
365
Flywork
366
The pex19 mutant was generated by imprecise excision following D. melanogaster standard experiments were conducted. The number of surviving pupae, adults including pharates and 376 viable adults (survivors), which were able to move and lived at least 24h, was counted. The hexane phase was collected in a new glass vial and concentrated by vaporization.
415
Samples were analyzed by gas chromatography / mass spectrometry using an Agilent HP 416 6890 with a HP-5MS column. 
